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The types, morphology, distribution, structure, and development process of the glandular trichomes on the leaves of Thymus
quinquecostatus Celak had been investigated in this study. Two diﬀerent types of glandular trichomes were determined in detail,
namely, capitate trichomes and peltate ones. Besides, there were distinct diﬀerences on morphology, distribution, structure, and
development process between the two kinds of trichomes. As the peltate trichome stepping into senium stage, it caved in the
epidermis integrally, which was diﬀerent from the capitate one. The secretion of the capitate trichome contained essential oil,
polyphenols, and ﬂavonoids, while, in addition to these three components, the secretion of the peltate one also contained acid
polysaccharides.Adistinctivediﬀerencewasalsoseeninthesecretorypathwayofthesecretionbetweenthetwotypesoftrichomes.
The secretion of capitate one was extruded through the cuticle of the head cell, but the secretion of the peltate one kept accumu-
lating in the subcuticular space of the head cells until it was released by cuticle rupture.
1.Introduction
T.quinquecostatusisascrubbysubshrubofThymusLamioid-
eae Lamiaceae, and the whole plant is highly aromatic. As a
traditional Chinese medicine, it has anti-inﬂammatory and
analgesic eﬀects. The essential oil of Thymus plants already
widely studied is a kind of natural perfume, and it has a high
economic value because it is used to produce cosmetic fra-
grance and edible essence. Fifty-one constituents were iden-
tiﬁed in the essential oils of Thymus transcaspicus [1], thirty-
four and ﬁfty-three constituents were identiﬁed in the essen-
tial oils of T. quinquecostatus and T. mongolicus, respectively
[2, 3]. The in vitro inhibitory activities of essential oils from
T. magnus and T. quinquecostatus as well as their main con-
stituentswereevaluatedagainstsusceptibleandresistantspe-
cies of Streptococcus pneumoniae, Staphylococcus. aureus, Sal-
monella enteritidis, and Salmonella typhimurium [4]; more-
over, the eﬀect on resisting tumour of the ethanol extracts
from T. quinquecostatus was obvious [5].
Glandular trichomes are generally considered as the site
of biosynthesis and accumulation of essential oil [6, 7]. As
an exocrine structure, the glandular trichomes are widely
distributed over the aerial organs of the plants, which is one
of the characteristic features of Lamiaceae. Abundant studies
on glandular trichomes of Lamiaceae were carried out [8–
10],while,sofar,fewstudiesontrichomesofT.quinquecosta-
tus were reported. Therefore, we studied the types, distri-
bution, structure, development process, and secretion of the
glandular trichomes present on leaves of T. quinquecostatus.
2.MaterialsandMethods
2.1. Plant Materials. From April to July of 2010, bud, young
leaf and mature leaf samples of T. quinquecostatus were
collected from plants growing in the experimental ﬁeld at
Qingdao Agricultural University.
2.2. Methods
2.2.1. Semithin Sections. 1-2mm2 small pieces of the materi-
als were ﬁxed in paraformaldehyde and 25% glutaraldehyde
in0.2Mphosphatebuﬀer,washedby0.1Mphosphatebuﬀer
for 4 times and 20 minutes for each time, and then dehy-
drated in ethanol in ascending grades up to absolute, then
activated in the activator for 3–5 days, ﬁnally embedded in
the Technovit 7100. 2µm pieces were sectioned with an2 The Scientiﬁc World Journal
AO-820 Rotary Microtome. The sections were stained by
hematoxylin after they were dried completely and observed
with a Leica DM2500 microscope.
2.2.2. SEM Observations. Bud and leaf samples were ﬁxed in
paraformaldehyde and 25% glutaraldehyde, and after critical
point drying, sprayed a metallic luster in the vacuum evap-
orator, ﬁnally observed and photographed with a KYKY-
2800B SEM.
2.2.3. Histochemical Methods. Leaf samples were embed-
ded in agar (4%) and sectioned (20µm) with a MICROM
HM525 freezing microtome. The fresh sections were stained
by the following histochemical tests: (1) Sudan III and Sudan
black B, for essential oil; (2) nile blue, for neutral and acidic
lipids; (3) ferric trichloride (FeCl3) and toluidine blue,
for polyphenols; (4) Alcian blue, for acid polysaccharides;
(5) aluminum trichloride (AlCl3), for ﬂavonoids. The
stained sections were observed and photographed by a Leica
DM2500 microscope.
3. Results
3.1. Types and Distribution of Glandular Trichomes. The
glandular trichomes on the surface of leaves are of two types,
peltate and capitate. The two types are very diﬀerent in mor-
phology and distribution. Capitate trichomes have a short
stalk and a round head (Figure 1(a)); the peltate trichomes
have a large disc-like head and a very short stalk (Figure
1(b)). Two kinds of glandular trichomes distribute both on
adaxial and abaxial surfaces of the leaf. Furthermore, the pel-
tate trichomes are only located on the intercostals area, while
the capitate trichomes exist everywhereon the leaf,especially
on the midrib (Figure 1(c)).
3.2. Composition of Glandular Trichomes. Besides the diﬀer-
ences of morphology, distinction between the two types of
glandular trichomes is also very obvious, which is often re-
lated to the mechanism of the essential oil releasing.
The capitate trichomes consisted of a basal cell, a stalk
cell,andaunicellularhead(Figure 1(e)).Theelongatedbasal
cell is a little bigger than the contiguous epidermal cells of
the leaf. The stalk cell with thickened walls is usually short in
length, and it is adjacent to the head. The head only has one
secretory cell.
The formation of peltate trichome is similar to the capi-
tate one, which contains a basal cell, a stalk cell, and a head
(Figure 1(f)). Nevertheless, the head of peltate trichome is
greatly distinguished from that of capitate trichome. It has
12 secretory cells forming two cycles, which includes 4 cen-
tral and 8 peripheral cells (Figure 1(d)). Owing to the ar-
rangement of the secretory cells, the head presented a peltate
shape.
3.3. Development Process. The capitate and peltate trichomes
both originate from the procuticle cell. But, even so, the dif-
ferencesofthedevelopmentprocessbetweenthetwotypesof
glandular trichomes are distinct. Moreover, the essential oil
would be secreted, accumulated, and released following the
development of the glandular trichomes.
3.3.1. The Development of Capitate Trichome. The precursor
of glandular trichome is an enlarged procuticle cell with
dense cytoplasm and increscent nucleus (Figure 2(a)). In
the early stage of development, the enlarged procuticle cell
protrudes above the leaf epidermis and the nucleus also
removes towards the top of the procuticle cell, thus the cell
formsapolarizationleadingtotheﬁrstasymmetricpericlinal
division which would produce a basal cell and an upper one
(Figure 2(b)). The basal cell would no longer divide, while
the upper one would undergo a periclinal division further,
after the second division, a capitate trichome containing a
basal cell, a stalk cell, and a secretory cell has completed
(Figure 2(c)). The stalk cell is cylindrical, but it ﬂats slightly
w h e nt h ec a p i t a t et r i c h o m em a t u r e s( Figure 2(d)).
3.3.2. The Development of Peltate Trichome. The beginning
development process of the peltate trichome is as same as
that of capitate one until the ﬁrst periclinal division ﬁnished.
The two cells formed by the ﬁrst division are almost the same
in size (Figures 2(e) and 2(f)), the bottom one develops into
the basal cell and the upper one continues to divide. The
upper cell divides into two diﬀerent-sized daughter cells by
a second asymmetric periclinal division (Figure 2(g)). In the
two daughter cells, the applanate one evolves into the stalk
cell, which borders upon the basal cell, the other daughter
cell ﬁnally divides into 12 secretory cells by divisions (Figure
2(h)–2(j)). Along with the peltate trichome maturing, the
cuticle separates from the cell walls of secretory cells, thus
a large subcuticular space in which the essential oil stored
forms (Figure 3(a)). The essential oil accumulates in the sub-
cuticular space day after day, and ﬁnally it is released by cuti-
clerupture(Figures3(b)and3(c)).Astheessentialoilreleas-
ing, the peltate trichome sinks gradually. Finally, it caves in
the epidermis integrally (Figures 3(d) and 3(e)).
In the senium stage of the peltate trichomes, two phe-
nomenonsareremarkable.Firstly,thestalkcellisofcutiniza-
tion at the time of essential oil accumulating; moreover, the
cell is more ﬂat. Secondly, the epidermal cells around peltate
trichomes cave obviously with the glandular trichome sink-
ing below the epidermis.
3.4. Histochemical Analysis
3.4.1. The Essential Oil. The sections are stained positive
with Sudan III and Sudan black B. The results demonstrated
that the secretions of the two kinds of glandular trichomes
both contain essential oil, but they were obviously distinct in
secretory pathway.
The capitate trichome was stained orange-yellow with
SudanIII (Figures4(a) and 4(b))andblackwithSudanblack
B( Figure 4(c)). The small droplets that stained orange-yel-
low with Sudan III presented in the stalk cell (Figure 4(d)).
Finally, the lipid drops seemed to be extruded through the
cuticle (Figure 4(e)). The peltate trichome was also stained
orange-yellow with Sudan III (Figure 4(f)) and black withThe Scientiﬁc World Journal 3
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Figure 1: (a–d) SEM micrographs showing the morphology of glandular trichomes on leaves of T. quinquecostatus. (a) A capitate trichome.
(b) A peltate trichome. (c) The abaxial leaf surface, showing the diﬀerence of the distribution between the two kinds of glandular trichomes.
(d) The head of the peltate trichome. (e-f) The transverse sections of T. quinquecostatus leaves (e) showing a mature capitate trichome. (f) A
peltate trichome.
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Figure 2:TransversesectionsofT.quinquecostatusleavesindiﬀerentstages.(a–d)showthewholedevelopmentprocessofcapitatetrichome.
(a) The initial cell of capitate trichome. (b) Two cells after periclinal division of initial cell. (c) Three cells after two periclinal divisions. (d)A
mature capitate trichome. (e–j) show the development process of peltate trichome. (e) The initial cell of peltate trichome. (f) Two cells after
periclinal division of initial cell. (g-i) The formation of head cells. (j) A mature peltate trichome.4 The Scientiﬁc World Journal
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Figure 3: (a–d) SEM micrographs showing the morphology of peltate trichomes on leaves of T. quinquecostatus. (a) The vertical section of
peltate trichome, showing the subcuticular space. (b-c) show the cuticle rupture through which the essential oil released. (d) The senescent
peltatetrichomecavingintotheepidermisentirely.(e)Thesemithinsectionstainedbyhematoxylin,showingthesenescentpeltatetrichome.
Sudan black B (Figure 4(g)), which indicated that the essen-
tialoilexistedinthepeltatetrichomeandaccumulatedinthe
subcuticular space after it was secreted (Figure 4(h)), and, at
last, it was released by cuticle rupture (Figure 4(i)).
Nilebluewasusedtodistinguishneutrallipidsfromacid-
ic lipids, the former being colored red, the latter dark blue.
After dyeing treatment of sections, the capitate and peltate
trichomes both presented to be dark blue, without being red
obviously (Figures 5(a) and 5(b)). The existence of acidic
lipids was clearly proved, but the neutral lipids did not exist
in the secretion.
3.4.2. The Polyphenols. FeCl3 and toluidine blue are usually
used to detect polyphenols, which are colored brown by
FeCl3 and green by Toluidine blue. In the capitate trichome,
the head cell was stained brown by FeCl3 while the basal cell
and stalk cell were not colored (Figure 5(c)). In contrast, all
cells of peltate trichome were strongly colored by FeCl3,a n d
especially the stalk cell (Figure 5(d)). After the Toluidine
blue staining, just the head cell of the capitate trichome was
dyed green but the stalk cell and basal cell were not (Figure
5(e)); both stalk cell and head cells of peltate trichome were
colored green, but basal cell was not (Figure 5(f)). Thus, the
polyphenols did not only exist in the capitate trichome but
also existed in the peltate one.
3.4.3. The Acid Polysaccharides. Alcian blue is used to detect
acidpolysaccharides,whichcouldbestainedbluewithit.For
thecapitatetrichome,thecellwalloftheheadcellwasstained
blue obviously (Figure 5(g)). It is possible that it was related
to the pectin of cell wall. The stalk cell and head cells of pel-
tatetrichomewerecoloredblue,whilethebasalcellremained
unstained(Figure 5(h)),denotingtheacidpolysaccharidesin
the secretion.
3.4.4. The Flavonoids. AlCl3 is used to detect ﬂavonoids,
which present blue under the ﬂuorescence microscope. Both
the capitate and peltate trichome were stained blue with
AlCl3 (Figures 5(i)–5(k)), denoting the ﬂavonoids in the
secretion.
4. Discussion
According to the current literature, there are two types of
glandular trichomes, capitate and peltate, in plants of Lami-
aceae. The types and distribution of glandular trichomes
make a great deal of diﬀerence among diﬀerent species.
Therefore, the glandular trichomes are regarded as an eﬀec-
tive character in the subfamily classiﬁcation of Lamiaceae,
some species just have one type while other species may have
two types. Giuliani and Maleci Bini studied the glandular
trichomes of several species belonging to subfamily Lami-
oideae, a kind of large capitate trichome was discovered as
well besides capitate and peltate ones [8]. T. quinquecostatus
also belongs to subfamily Lamioideae, capitate and peltateThe Scientiﬁc World Journal 5
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Figure 4 :( a ,b ,d – f ,h )T h ef r o z e ns e c t i o n so fl e a v e so fT. quinquecostatus stained with Sudan III. (c, g, i) The semithin sections of leaves
of T. quinquecostatus stained with Sudan black. (a-b) The capitate trichome stained orange-yellow. (c) The capitate trichome was stained
gray black. (d) The oil drop in the stalk cell of capitate trichome. (e) The oil drop was secreted out of the capitate trichome. (f) The peltate
trichome was stained orange-yellow. (g) The peltate trichome was stained gray black. (h) An oil drop in the subcuticular space of peltate
trichome. (i) A peltate trichome with the ruptured cuticle.
trichomes were discovered on the leaf surface, which was
similar to the types of trichomes in Stachys alopecuros subsp.
alopecuros, Stachys oﬃcinalissubsp. oﬃcinalis, Scutellaria gal-
ericulata, and Mentha haplocalyx.
Two types of glandular trichomes both contain a basal
cell, a stalk cell, and a head, but they have signiﬁcant mor-
phological diﬀerences. The capitate one just has one secre-
tory cell, so it presents an oval shape; the peltate one presents
adisc-likeshapeasaresultofthearrangementof12secretory
cells. Generally speaking, they distribute on both sides of the
leaf, but, in detail, capitate trichomes usually spread on the
leaf surface especially on the veins, while the peltate ones just
exist on intercostals area. So far, most researches studied on
the distribution mainly focusing on diﬀerences between ab-
axial and adaxial surfaces of leaf, while the studies about the
detailed distribution on intercostals area and veins were very
few.
The origination and early development of the two types
of glandular trichomes is similar. The initial cells of two
types of glandular trichomes originate from the protocuticle
cells and create a basal cell, a stalk cell, and an apical cell
through two successive periclinal divisions. After that, the
developmentofglandulartrichomeshavetwocircumstances:
(1)theapicalcellnolongerdivides,thenthethreecellsdevel-
op into capitate trichome directly; (2) the apical cell still has
the capacity of cell division, afterwards a big head with 12
secretory cells forms, and ﬁnally a peltate trichome is com-
pleted. When it matures, the peltate trichome forms a big
subcuticular space, while the capitate one did not. After the
glandular trichomes come into secretion stage, the cutiniza-
tion of the stalk cell occurs and its cell wall becomes thick-
ened. Some researchers discovered that the cutinized stalk
cellformedabarrieragainstthefreemovementofsubstances
between the glandular head and the leaf through apoplasts
[10]. In the previous studies on plants of Lamiaceae, most
peltate trichomes fell oﬀ from the mature leaves; however, in
ourstudies,withthematuringofleavesofT.quinquecostatus,
rather than falling oﬀ, the peltate trichomes sunk gradually
and ﬁnally sunk under the epidermis completely, which had
not been reported in other literatures. And we discovered
that the essential oil existed still on old leaves of T. quinque-
costatus. Whether it deposited on the surface of peltate tri-
chomes after being secreted or the secretory cells kept secret-
ing when the cuticle broke needed a further study.
Diﬀerent secretory pathways of glandular trichomes of
Lamiaceae were discovered, the secreting material seemed to6 The Scientiﬁc World Journal
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Figure 5: The sections of leaves of T. quinquecostatus. (a) A capitate trichome stained with nile blue. (b) A peltate trichome stained with nile
blue. (c, d) show a capitate trichome (c) and peltate one (d) stained with FeCl3. (e, f) show a capitate trichome (e) and peltate one (f) stained
with Toluidine blue. (g, h) show a capitate trichome (g) and peltate one (h) stained with Alcian blue. (i, j) Capitate trichomes stained with
AlCl3 under ﬂuorescence microscope. (k) A peltate trichome stained with AlCl3 under ﬂuorescence microscope.
be extruded through the cuticle or released through cuticle
rupture or through the apical pore of secretory cells [8, 11,
12]. In our studies, two types of secretory pathways were dis-
covered. In the capitate trichomes, secreting material was ex-
truded through the cuticle; while in the peltate ones, the
secreting material kept on accumulating in the subcuticular
space and ﬁnally released by cuticle rupture.
The secretion of Lamiaceae mainly contains two kinds of
materials, those are essential oil and polysaccharide. The pel-
tatetrichomesmainlysecreteessentialoil,whilethesecretion
of capitate trichomes also contained polysaccharide besides
essential oil [10]. In our research, capitate and peltate tri-
chomes of T. quinquecostatus both contain essential oil,
which is similar to the result of most other researchers. But,
after staining with Alcian blue, the stalk cell and head cells
were colored blue, denoting the existence of polysaccharide
in the secretory of peltate trichomes; while in the capitate
trichomes, just the surface of head cell was blue, which was
related to the pectin of the cell wall. Furthermore, both
capitate and peltate trichomes contain polyphenols and
ﬂavonoids according to the histochemical methods. How to
produce these kinds of secretions in glandular trichomes?
Secretory pathways in their cells need to be further studied.
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